Abstract: We report on the optical measurement of the backscattering matrix in a weakly scattering medium. A decomposition of the time reversal operator allows selective and efficient focusing on individual scatterers, even through an aberrating layer. The propagation of waves in inhomogeneous media is a fundamental problem which implies applications in many domains of wave physics. Conventional focusing and imaging techniques based on the Born approximation generally fail in aberrating or strongly scattering media due to the phase distorsions and the multiple scattering events undergone by the incident wavefront. Recent advances in light manipulation techniques have allowed great progresses in optical focusing and imaging through complex media. Several groups [1] [2] [3] recently demontrated the spatio-temporal focusing of femtosecond pulses through highly scattering media by actively shaping the incident wavefront with a spatial light modulator (SLM). A general treatment of such linear complex media is provided by the scattering matrix formalism. Popoff et al. [4] recently measured the transmission matrix for light between a SLM (emission) and a CCD camera (reception) through a scattering medium. The latter is a subpart of the scattering matrix linking the forward scattered field to the incident field. In this work [5], we study another subpart of the scattering matrix: the backscattering matrix K (BM). The knowledge of the BM brings more fundamental insight into the medium. Initially developed for ultrasound [6] , the DORT method (French acronym for Decomposition of the Time Reversal Operator) takes advantage of the BM to focus iteratively by time reversal processing on each scatterer of a multi-target medium. Derived from the theoretical study of the iterative time reversal process, this approach relies on the diagonalization of the time reversal operator KK † . In the single scattering regime, a one-to-one association between each eigenstate and each scatterer allows focusing on
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In a first part, we will demonstrate the DORT method in the optical regime and show its efficiency in a weakly scattering medium made of few dispersed gold nanobeads hidden behind an aberrating layer. An experimental setup is proposed to record the BM in optics by means of a SLM and of a CCD camera (CCD1) placed in a backscattering configuration (see Fig.1 ). The image of the medium measured by CCD1 is drastically damaged by the aberrating layer (see Fig.2(a) ): the number of gold beads as well as their position and reflectivity cannot be deduced from this image. In contrast, the DORT method gives an unambiguous answer to these questions. The singular value distribution (Fig. 2(b) ) is dominated by few high singular values that are associated to the brightest gold nanoparticles. The input singular vectors correspond to the wave-fronts focusing on each particle and the output singular vectors are the corresponding scattering patterns measured by CCD1 in reflection (see Figs. 2(c,d,e,f) ). Figs. 2(g,h,i,j) correspond to the control images measured in transmission by CCD2, when the first four input singular vectors are back-propagated from the SLM. These images show the selective focusing performed by DORT: each singular vector back-propagates selectively on one gold bead without illuminating the other ones. Fig. 2 . Experimental results for selective focusing on nanobeads through an aberrating layer using the DORT method. a. aberrated image of the object plane on CCD1 in reflection for a plane wave illumination b., singular value distribution of the measured BM. c.-f. ( resp. g.-j.) ; images in reflection by camera CCD1 ( resp. in transmission by the control camera CCD2), when sending the four first singular vectors. All images from CCD1 (resp. CCD2) share the same intensity scale. All images correspond to the same area of the sample.
In a second part, we will show how the DORT method can be used to discriminate and selectively excite the different scattering patterns of a single nanoparticle. Actually, the DORT method allows to excite independently each component of the nanoparticle dipole moment, which paves the way towards a better characterization, imaging and control of nano-objects for instance in plasmonics [7] or for super-resolution [8] .
